Generation of reactive oxygen species undergoing redox cycle of nostocine A: a cytotoxic violet pigment produced by freshwater cyanobacterium Nostoc spongiaeforme.
Nostocine A (1) is an extracellular cytotoxic violet pigment produced by the freshwater cyanobacterium, Nostoc spongiaeforme TISTR 8169. Treatment with 1 was found to accelerate the generation of reactive oxygen species (ROS) in the green alga, Chlamydomonas reinhardtii, in the light. In vitro analysis revealed that 1 specifically eliminated superoxide radical anion (O(2)(-)) among several ROS tested. During the course of the reaction, oxygen (O(2)) was simultaneously synthesized and the O(2) synthesizing rate increased with the amount of 1 added. In contrast, O(2)(-) generation occurred when NADPH or NADH was added to a solution of 1 under aerobic condition. The reduction potential of 1 is very similar to that of O(2) indicating that 1 and O(2) can easily exchange electrons depending on the mass balance between their oxidized and reduced forms. Based on these results, the following hypothesis is formulated for the mechanism of intracellular ROS generation by treatment with 1: 1 taken into the target cells is reduced specifically by intracellular reductants such as NAD(P)H. When the O(2) level is sufficiently higher than that of 1, the reduced product of 1 is immediately oxidized by O(2). This is accompanied by the synthesis of O(2)(-) from O(2). The generation of O(2)(-) successively occurs, undergoing repeated redox cycles of 1, when the levels of the reductant and O(2) are still dominant to promote these reactions. This similar intracellular ROS generation mechanism to that of paraquat may cause the cytotoxicity.